Landscape connectivity is considered a vital element of landscape structure because of its importance to population survival. The difficulty surrounding the notion of landscape connectivity is that it must be assessed at the scale of the interaction between an organism and the landscape. We present a unique method for measuring connectivity between patches as a function of organism vagility. We used this approach to assess connectivity between harvest, old-growth, and recent wildfire patches in a real forested landscape in southeast British Columbia. By varying a distance criterion, habitat patches were considered connected and formed habitat clusters if they fell within this critical distance. The amount of area and distance to edge within clusters at each critical distance formed the basis of connectivity between patches. We then assessed landscape connectivity relative to old-growth associates within our study area based on species' dispersal abilities. Connectivity was greatest between harvest patches, followed by old-growth, and then wildfire patches. In old-growth patches, we found significant trends between increased connectivity and increased total habitat amount, and between decreased connectivity and increased old-growth harvesting. Highly vagile old-growth associates, such as carnivorous birds, perceive this landscape as connected and are able to access all patches. Smaller, less vagile species, such as woodpeckers, chickadees, and nuthatches, may be affected by a lack of landscape connectivity at the scale of their interaction with old-growth patches. Of particular concern is the northern flying squirrel (Glaucomys sabrinus), which we predict is limited in this landscape due to relatively weak dispersal abilities.
INTRODUCTION
Habitat fragmentation is one of the most commonly cited threats to species extinction and an ensuing loss of biological diversity, making it perhaps the most important contemporary conservation issue (Wiens 1996) . Lord and Norton (1990) referred to fragmentation as simply the disruption of continuity. The inverse of landscape fragmentation, landscape connectivity is considered a vital element of landscape structure (Taylor et al. 1993) because it is so critical to population survival Merriam 1985, Fahrig and Paloheimo 1988) and metapopulation dynamics (Levins 1970) . simulation and modeling work, they are often impossible or impractical to use in empirical studies, despite Tishendorf and Fahrig's (2000a) assertion that measuring movement rates on even 1% of a landscape is sufficient to assess landscape connectivity (but see Arnold et al. (1993) and Pither and Taylor (1998) ). Indeed, in a review of connectivity research, Tishendorf and Fahrig (2000b) found only four studies that measured landscape connectivity directly, and all four used modeling approaches. As well, although percolation theory, the study of connectivity in stochastically generated structures (Stauffer and Aharony 1985) , has been useful when applied in the development of a generalized, spatially explicit, theoretical framework (With 1997) , its applications in empirical work are currently limited (but see Keitt et al. (1997) ).
As Tishendorf and Farhig (2000b) concede, in most practical management applications, directly measuring connectivity by measuring animal movement and ensuing rates within landscapes is not feasible for logistical reasons. As a result, most work on real landscapes to quantify landscape connectivity has focused on landscape indices that characterize the spatial pattern of a landscape as surrogates for direct measurements of connectivity. The indices are then interpreted and conclusions are drawn regarding landscape connectivity. Although literally hundreds of landscape indices have been derived and used (Gustafson 1998) , the generalization of relationships between landscape indices and ecological processes reflecting landscape connectivity is poorly understood (Tishendorf 2001) . This is, no doubt, due to the static nature of the landscape indices that typically characterize spatial configuration of patches and landscapes from a non-organismal perspective and under one set of rules (e.g., habitat availability does not change). As a result, most landscape indices reflect spatial patterns under one set of circumstances, and are usually not linked to any specific organism movement through the landscape.
Taking a somewhat more robust perspective, landscape connectivity can refer to the functional linkage between habitat patches, either because habitat is connected through structural continuity or because dispersal abilities permit organisms to travel between discrete patches and, therefore, perceive patches as functionally connected . In the latter case, organism vagility is one of the most important determinants of landscape connectivity and is why many researchers advocate an organismal perspective when addressing landscape connectivity (Wiens 1989 , Schumaker 1996 , Tishendorf and Fahrig 2000a . Taking this view then, landscape connectivity must be considered at the scale of the interaction between an organism and the landscape. Thus, a landscape is not inherently fragmented or connected, but can only be assessed in the context of an organism's ability to move between patches and the scale at which the organism interacts with the landscape (Davidson 1998 . As well, many ecologists predict non-linear patterns in connectivity, suggesting thresholds or abrupt changes in landscape connectivity exist and are scale dependent (With and Crist 1995, Keitt et al. 1997) . If true, connectivity-induced consequences to species living in landscapes should be predictable and relative to species vagility, the scale of interactions between an organism and the landscape, and connectivity thresholds.
Commercial forest harvesting is commonly presented as a primary cause of forest fragmentation or of a disruption in continuity (Franklin and Forman 1987, McGarigal et al. 2001) . As forests are harvested, distances between remnant patches may increase and may represent a reduction in connectivity. However, connectivity is reduced in these cases only if an organism's ability to move between suitable habitat patches is reduced, underscoring the importance of an organismal perspective. We assessed landscape connectivity across multiple scales based on a range of critical distances representing the movement capabilities of selected species. We built upon the approach taken by Keitt et al. (1997) to provide a generalized measure of connectivity for use with forest-cover information in vector format at the scale of forest management. We performed our analyses using publicly available forest-cover data derived from real managed forest landscapes in southeastern British Columbia. Our objectives were to: (1) derive a multiscale measure of landscape connectivity related to organism vagility, (2) detect critical connectivity thresholds in real landscapes, (3) test a hypothesis that commercial forest harvesting reduces connectivity between old-growth patches, and (4) predict consequences to selected species related to landscape connectivity in these landscapes.
METHODS

Landscape delineation
Digital forest-cover data obtained from the British Columbia Ministry of Forests (Castlegar, British Columbia) were derived from a managed forest landscape of 362 350 ha within the Slocan Valley of the Selkirk mountains in southeast British Columbia, Canada (49°N, 117°W; Fig. 1 ). Forest-cover classification was provided in vector format and derived from interpretation of 1:20 000 black and white aerial photographs. Terrain within this mountainous area is generally steep and broken, with slope gradients often exceeding 80%. Elevation ranges from 525 m along the Slocan Valley bottom to 2800-m mountain peaks.
Forested land makes up 71.5% of the study area. Forests in the study area are within the "Interior Subalpine" and "Southern Columbia" regions described by Rowe (1972) and fall predominantly within three forest biogeoclimatic subzones described by Braumandl and Curran (1992) Logging within the Slocan Valley began in the late 1800s but was primarily confined to localized selective harvesting. Large-scale commercial logging began around 1950. Side drainages of the Slocan Valley have since been managed for forest harvesting and road building to varying degrees. Many areas within the main valley corridor and a large provincial park, however, have been excluded from forest harvesting. Most of the low-elevation areas along the main valley bottom are on privately owned land and have been partially deforested for agricultural and urban-development purposes. Private land was excluded from the analyses. Routine forest-fire suppression in the area began in the late 1930s (J. Parminter, unpublished data, BC Ministry of Forests, Victoria, British Columbia).
To investigate general connectivity trends across the entire study area, we considered it as a single landscape and performed analyses on this basis. As well, we investigated relationships between varying forest-harvest levels and old-growth connectivity within the study area by comparing connectivity between nine landscape units(LU'as defined by the BC Ministry of Forests) making up the study area (Fig. 1) . Landscape units ranged from 18 014 to 58 858 ha (<mean> = 40 261 ha, SE = 4699 ha) and were delineated using watershed boundaries primarily.
Distance to edge (DTE_L) calculations
We reclassified forest-cover data into three patch types within landscapes: harvest patches (clearcuts harvested within the past 40 years), old-growth patches (forest stands >140 years for Interior Cedar Hemlock Dry Warm stands and >250 years for all others; old-growth definitions consistent with those issued by the BC Ministry of Forests and BC Ministry of Environment, Lands and Parks [1995] ), and wildfire patches (wildfire within the past 40 years). We then analyzed habitat connectivity using these three patch types separately in a binary manner, where each patch type was considered habitat and all remaining landscape was considered non-habitat. In this way, each patch type was considered separately where patches of habitat were dispersed within a matrix of non-habitat ( Fig. 1 ).
Within an ARCINFO GIS platform, we calculated the edge-to-edge distance between patches of the same patch type. We used the notion of a critical distance representing an organism's ability to travel between habitat patches as a fundamental element of landscape connectivity. Patches within a critical distance were considered connected and formed a habitat cluster. We varied critical distance from 100 m to the minimum critical distance, where all patches in the landscape became connected into one cluster. We defined the boundary of each cluster as the 100% mean convex polygon (MCP) boundary surrounding outside patches in the cluster (Fig. 2) . As a MCP boundary such as this creates points within the polygon beyond the critical distance from the centroid, boundaries were modified to follow a buffer around patches equal to the critical distance where this occurred. In this way, cluster boundaries were created that encircled all patches in the cluster and ensured all locations within the cluster were within the critical distance to a patch.
We determined the centroid of each cluster and forced centroids into the cluster in cases where the calculated centroid fell outside of the cluster (this can occur with geometric shapes similar to a "C" or "L"). From the centroid, we projected 36 lines to the cluster boundary at 10° increments (Fig. 2) . We calculated the mean distance of these lines, which represented the mean distance to a cluster edge (DTE_C). At each critical distance, we calculated the mean distance to cluster edges within a landscape (DTE_L) as the mean DTE_C for all clusters within the landscape. We considered DTE_L to be a measure of the average distance an organism could move within a landscape within its habitat type (i.e., for a given patch type), given an ability to travel between habitat patches equal to the critical distance. In doing so, we recognize the assumption of a simplistic binary landscape model that forces the following major assumptions: all patches of habitat and non-habitat are equally suitable, travel routes between patches are linear, the only barrier to movement between patches is distance, and all species have equal gap-crossing abilities.
Connectivity measures and trends
We used the slope of the linear regression model between the critical distance and the logarithmic transformation of the corresponding DTE_L as a measure of overall landscape connectivity for a given patch type and landscape. The slope of this line (δ) is predictably higher in landscapes with greater patch connectedness because steeper slopes represent more habitat access (DTE_L) for each incremental rise in dispersal ability (critical distance). The opposite is also true in that lower slope values represent landscapes where incremental increases in dispersal ability return lower increases in available habitat, to the extreme case of a flat line (slope = δ = 0), where increases in dispersal ability do not provide any increase in available habitat. We then used linear and curvilinear regression analyses between δ and old-growth amount and harvest rates among LUs to investigate connectivity trends relative to harvest rates.
We calculated LU harvest rates (HR) as the amount of harvested area in a landscape (H) divided by the amount of old growth (OG) and harvested area combined (i.e., HR = H/(H+OG)*100%). We added existing harvested area to existing old-growth area in the denominator of this calculation because we wanted to calculate the old-growth harvest rate as a function of all old-growth forests existing before the onset of commercial logging in the study area. In doing so, we assumed that all recent harvesting (i. e., since 1961) was old-growth harvesting. We believe this to be justifiable, given British Columbia's long-standing policy and tradition of harvesting the oldest forests first. It is also congruent with observable harvest patterns in the study area that tend to target older forests.
Species associations
We investigated connectivity primarily between old-growth patches and vertebrates associated with oldgrowth forest because of the relative importance of old-growth forest to conservation. From an original list of 74 old-growth associates known to occur in our study area (Bunnell 2000), we focused on the northern goshawk (Accipiter gentiles), marten (Martes americana), and cavity-nesting birds and mammals (Table 1) . We excluded species associated primarily with riparian old-growth forest (e.g., amphibians and cavity-nesting waterfowl) and more generalist species (e.g., red squirrel [Tamiasciurus hudsonicus]), and concentrated on species with documented dependencies on terrestrial old-growth forest structures, particularly for reproductive habitat.
Although distance between patches is a prime determinant of landscape connectivity, patch size could impact many species, in that only patches large enough to provide suitable resources for an organism would be considered part of its available or connected habitat . To investigate this phenomenon, we considered minimum patch-size requirements (MPSR) for individual species. We defined MPSR by building upon Allen (1987) as the minimum amount of contiguous habitat forming a patch, required before a patch can be used or occupied by a species.
For most species, however, a minimum patch size is either not required, unknown, or not consistently demonstrated with data (see Bunnell et al. 1999 for review). Therefore, we used 2 ha as a general MPSR to assess landscape connectivity for most species because it is in the range suggested as a suitable resolution for a large suite of species, including most forest passerines and forest-dwelling small mammals , and because it was the finest resolution in our source data. Two old-growth associates in our study area, however, the northern goshawk and the marten, have sufficiently documented data on MPSRs that we felt comfortable assigning them specific MPSRs. The northern goshawk is a forest-dwelling raptor that nests in the study area and has a high association with old forests for nesting (Graham et al. 1999) . We assigned a 12-ha MPSR for the northern goshawk based on Reynolds et al.'s (1992) forest management recommendation for nest site reserves. Similarly, we assigned a 15-ha MPSR for marten based on data and recommendations reported by Snyder and Bissonette (1987) and Chapin et al. (1998) .
To investigate the consequences of species dispersal ability and patch connectivity, we estimated median and probable maximum dispersal distances for individual species using data and methods provided by Sutherland et al. (2000) . Using these estimates, we calculated the amount of the landscape accessible to species as a function of dispersal ability by calculating the total amount of cluster area available as a proportion of the landscape area at each critical distance.
Statistical analyses
Linear and curvilinear regression analyses and student's t-tests were performed using SYSTAT 8.0 (SPSS 1998) statistical software. Tests were considered significant at α = 0.05. Non-normal data distributions were assessed using skewness and kurtosis indicators and transformed using logarithmic transformations to produce more normal distributions. Skewness or kurtosis were considered extreme if +2 times their standard error did not include zero (SPSS 1998).
RESULTS
All three patch types displayed a predictable negative exponential patch size distribution (Fig. 3) . Harvest patch sizes (<mean> = 32.8 ha, SE = 2.76, n = 785, range = 2.0-1018.4) were similar (t = 0.672, P = 0.501) to old-growth patch sizes (<mean> = 30.0 ha, SE = 2.81, n = 481, range = 2.1-787.8), but smaller (t = 3.126, P = 0.002) than wildfire patches (<mean> = 84.3 ha, SE = 16.24, n = 123, range = 2.2-1336.6). Total patch areas for harvest, old-growth, and wildfire patches were 25 771, 14 448, and 10 372 ha, respectively.
At MPSR = 2 ha, harvest patches had the highest index of connectivity (δ = 0.259) considering the entire study area as one landscape, followed by old-growth patches (δ = 0.216), and wildfire patches (δ = 0.169; Fig. 4 ; slopes significantly different [test of slope homogeneity: t = 8.036, P < 0.001]). At MPSR = 12 ha, connectivity of old-growth patches within the entire study area was reduced to δ = 0.206 and to δ = 0.204 at MPSR = 15 ha. Loglinear regression R 2 for critical distance (CD) versus DTE_L were high (>0.923) and all regressions were highly significant (P < 0.001) in these cases and, therefore, considered good fits of the data for comparing slopes (Fig. 4) .
We identified two types of critical threshold in our data. The first is the minimum CD where all patches became connected and created one large habitat cluster (MIN_CD). This threshold, at MPSR = 2 ha, occurred at CD = 5400, 8000, and 8500 m, for harvest, old-growth, and wildfire patches respectively (Fig. 4) . Between individual LUs at MPSR = 2 ha, MIN_CD ranged from 2900 to 9400 m (<mean> = 6311 m, SE = 718.5 ha, n = 9). Final cluster sizes for harvest, old-growth, and wildfire patches were 208 568, 345 500, and 216 965 ha, respectively.
The second critical threshold we identified was a point where CD = DTE_L or the ratio between CD and DTE_L = 1.0. At MPSR = 2 ha, DTE_L between harvest patches exceeds the CD at all points along the curve (i.e., DTE_L/CD > 1.0; Fig. 4 ). Old-growth patch DTE_L/CD < 1.0 from CD = 900 m to CD = 4100, and > 1.0 at all other CD (Fig. 4) . Wildfire patch DTE_L/CD < 1.0 from CD = 800 m to CD = 7800 m, and > 1.0 at all other CD (Fig. 4) . Among individual LUs, only one (Fig. 5a ) had values of DTE_L/CD > 1.0 at all CD. All LUs had DTE_L/CD values > 1.0 at low values of CD (CD < 400). One LU had DTE_L/ CD values > 1.0 for all CD except between CD = 1200 m and CD = 3000 m (Fig. 5b) . Two landscapes had DTE_L/CD values largely < 1.0, except at maximum CD of 5600 m and 7200 m (Fig. 5c, d ). Five LUs had DTE_L/CD values < 1.0 except at CD < 400.
Old-growth patch connectivity among LUs ranged from δ = 0.1014 to δ = 0.5207 (<mean> = 0.2237, SE = 0.0405, n = 9) at MPSR = 2 ha. Corresponding old-growth harvest rates ranged from 47.3 to 90.2% (<mean> = 65.1%, SE = 4.25%, n = 9; Fig. 6 ). Among LUs, we a found significant linear regression between δ (log transformed) and proportion of old growth in the landscape (R 2 = 0.553, P = 0.022; Fig. 6 ), and a significant curvilinear regression between δ (log transformed) and old-growth harvest rate (R 2 = 0.375, P < 0.001; Fig. 6 ).
Estimated species dispersal distances ranged from 0.43 km (northern flying squirrel (Glaucomys sabrinus)) to 56.00 km (boreal owl (Aegolius funereus)) for median dispersal distances with corresponding probable maximum distances of 4.90 and 632.80 km (Table 1 ). All species, with the exception of the northern flying squirrel, had the ability to access all old-growth patches in the landscape at maximum dispersal distances (Table 1, Fig. 7 ). Median dispersers, however, were more limited, with only the northern goshawk and owls with median dispersal abilities providing access to 100% of old-growth patches in the landscape. Smaller birds and mammals, including the marten, were able to access only 10-24 % of the landscape at median dispersal distances (Fig. 7) .
DISCUSSION
Changes in connectivity for all three patch types were scale dependent, with proportionally larger increases in connectivity attained at high CDs. As theory predicted, critical thresholds, where small changes in pattern produce abrupt responses (Turner and Gardner 1991) , were found at relatively high CDs, producing abrupt changes in connectivity until a final threshold was attained where all patches were connected and formed a single cluster (With and Crist 1995, Keitt et al. 1997) . Our results are consistent with O'Neill et al. (1988) who, in an application of percolation theory, predicted a relationship between decreasing habitat amount and an organism's ability to traverse non-habitat that results in the formation of a percolating cluster (a habitat cluster that spans the landscape). In this way, an organism that can cross large distances will be able to use resources that are sparsely dispersed. In our case, abrupt changes in connectivity were attributable to distant patches that, once becoming accessible at high CDs, sharply increased habitat availability. Thresholds, in this case, represented the minimum ability an organism must have to perceive the entire landscape as connected and thereby travel to every patch.
Harvest patches in this landscape were more connected than old-growth patches, which were more connected than wildfire patches, based on relative values of δ. Current harvest patch patterns are particularly important in light of the persistent legacy left by current harvest patterns on future forest patterns (Nelson and Finn 1991 , Wallin et al. 1994 , Bunnell et al. 1999 , Nelson and Wells 2000 . This has important implications for future forest patterns that may result from regenerated harvest blocks. If left to attain old-growth conditions, current harvest patterns represent a future old-growth forest pattern that is more connected than existing old-growth forest patterns. This dispels the notion that harvest patches may represent a more fragmented patch pattern in such a case (Krummel et al. 1987) . Two major caveats, however, are that (1) old-growth stands resulting from regenerated cut blocks may not be of similar quality to existing old-growth stands, and (2) regenerated cut blocks in a managed forest may be harvested before attainting old-growth structure.
Patch size was not correlated with connectivity because wildfire patches, with the lowest connectivity index, were almost three times larger (mean differences) than harvest and old-growth patches. However, we found strong correlation between connectivity and total patch amount. There were more harvest patches than old-growth patches making up more total patch area, followed by the number and total amount of wildfire patches. As well, individual landscape units displayed an increasing trend in oldgrowth patch connectivity with increasing old-growth amount. Similarly, we found consistent correlation between habitat amount and other landscape indices in this landscape (R. D'Eon, unpublished data). The strong relationship between amount of habitat and connectivity in this case supports the importance of habitat amount in discussions of landscape structure (Fahrig 1997 ) and the measurement of landscape connectivity (Tishendorf 2001 ).
Old-growth harvesting was negatively correlated with old-growth connectivity and thus supports a hypothesis that forest harvesting reduced old-growth connectivity in this landscape. However, as connectivity is strongly related to habitat amount in this case, the relationship between reduced connectivity with increased harvesting is no doubt related to a reduction in the amount of old growth in the landscape since the onset of commercial forest harvesting. If true, this has important management implications in that, by simply removing total amount of habitat, regardless of spatial configuration of the removal, connectivity within remaining habitat will be reduced. This supports recent assertions that the current forest management focus on spatial configuration of removals, rather than the amount of total removal, is misguided (Fahrig 1999 , Trzcinski et al. 1999 ).
Nonetheless, accepting the view that overall reductions in a habitat type result in lower connectivity between patches of a given habitat type, says little about whether or not remaining patches are connected. As stated, landscapes are not inherently disconnected or not, but must be evaluated from an organismal perspective and at the scale of interaction between the landscape and the organism. It is entirely conceivable that habitat reductions leading to lower connectivity values do not result in a fragmented landscape if an organism does not so perceive it, or vice versa.
At the default MPSR of 2 ha, the minimum critical distance where all patches became connected was lowest for harvest patches (5400 m) followed by old-growth (8000 m) and wildfire patches (8400 m). Thus, species associated with early seral habitat provided by harvest blocks and an ability to move 5400 m through this landscape would perceive the entire landscape as connected and be able to travel to all patches. Similarly, species dependent on old-growth forest or recent wildfire patches would require an ability to travel 8000 or 8500 m, respectively, before viewing the entire landscape as connected.
Among old-growth associates, all species but the northern flying squirrel, have estimated probable maximum natal dispersal abilities in excess of 8000 m. This suggests that at least some individuals of these species seeking new reproductive habitat have the ability to disperse to and inhabit all old-growth patches in this landscape. Although long-distance dispersal is rare (Sutherland et al. 2000 , Turchin 1988 , maximum dispersal ability has large implications for metapopulation dynamics. In a metapopulation model, it is the ability of some individuals to recolonize distant patches that lowers the probability of local extinctions (Levins 1970) . We suggest, therefore, that all old-growth associates we considered, with the exception of the northern flying squirrel, have a low probability of local extinction that is attributable to a lack of connectivity between old-growth patches in this landscape.
Short dispersal distances are more frequent and strongly influence age and sex structure and abundance within populations (Sutherland et al. 2000) . Our estimates indicate that only the larger, more vagile, carnivorous birds could access all old-growth patches at median dispersal distances. Median dispersing woodpeckers seeking old-growth structure in this landscape would be limited to approximately 20%, chickadees and nuthatches to approximately 15% , and marten to 24% of the landscape. As well, any impacts of reduced landscape access are further exacerbated in that these values represent the sum area within all habitat clusters combined, which are not continuous but inherently isolated from each other by distances in excess of the critical distance.
These findings suggest distribution and abundance of smaller, less vagile species may be affected in this landscape as a consequence of reduced connectivity between old-growth patches. Of particular concern is the northern flying squirrel, which is typically associated with old forest structure for food and denning requirements (Carey et al. 1997) . Our results indicate that only 70% of the landscape is accessible to northern flying squirrels even at maximum dispersal distances, and only 10% of the landscape at median dispersal distances, if flying squirrels are obligate users of old-growth structure. On this basis, northern flying squirrels may be limited in this landscape by a lack of connectivity between old-growth patches, which has implications for minimum viable population requirements, as individuals are isolated from each other. A caveat, however, to this conclusion is that flying squirrels may be facultative oldgrowth users (Ransome and Sullivan 1997; D. Ransome, personal communication) . If so, effects of dispersed old-growth habitat would be reduced by allowing flying squirrels to use other parts of the landscape, thereby increasing their access to the landscape.
Dispersal and other movements away from a patch of suitable habitat to another suitable patch are generally considered costly because moving individuals may face increased mortality rates associated with a higher predation risk and the physiological costs of moving through unfamiliar or hostile habitat (Sutherland et al. 2000 and references therein) . Therefore, individuals that move beyond the limits of available habitat (i.e., travel farther than available patches) incur costs associated with moving without the benefit of increased suitable habitat access. This notion is scale dependent and should apply to the scale of the organism and its interaction with the landscape. For example, an organism with an ability to move distances of 500 m between suitable patches, will incur unreciprocated costs by moving 500 m from a patch if the next suitable patch is 1000 m away. Indeed, Keitt et al. (1997) predicted that selection pressure may favor species with dispersal abilities equal to the scale of distances between habitat patches in the landscape because of the optimal balance between the benefits of increased habitat and movement costs.
Among patches in our study area, we used the ratio between DTE_L and the associated CD as a measure of the optimal balance between movement costs and increased habitat access. We identified this optimal balance where DTE_L (a measure of accessible habitat) equaled CD (an organism's ability to move). For old-growth patches within the entire landscape, this optimal balance occurred at CD = 900 and 4100 m. Values between these two points (900-4100 m) represent a range of movement ability that exceeds accessible habitat and, therefore, higher movement costs without the benefits of increased habitat access. Conversely, values on either side of this range (< 800 m and > 4200 m) represent movement abilities that are below accessible habitat and, therefore, movement risks that are rewarded with increased access to habitat. When considering individual landscape units, we found similar patterns, where all landscapes displayed ratios above 1.0 for small CDs (< 400 m), below 1.0 for most intermediate CDs, and near or above 1.0 for relatively high CDs. This suggests that species with either relatively small or large movement abilities in this landscape receive benefits of increased habitat access without unnecessary movement costs; the opposite is true for species with intermediate movement abilities. This is consistent with our predictions that larger, more vagile species will be able to access all patches in this landscape and view it as connected, but smaller species, with intermediate movement abilities, will be more restricted. Presumably, species on the far left of the curve (CD < 400 m) are so restricted by their movement abilities that, once in a suitable habitat patch, they are unlikely to move beyond the habitat cluster and are, therefore, almost always within a suitable habitat cluster.
Minimum patch size requirements produced predictable results: connectivity was reduced between oldgrowth patches when minimum patch sizes were imposed. As well, the amount of the landscape available to organisms was reduced in a similarly predictable manner. This phenomenon is, again, no doubt related to the ultimate result of patch size constraints that exclude patches from the analyses: a reduction in total habitat amount. Our results in this case are consistent with results from simulations in and predictions from artificial landscapes (Dale et al. 1994 . However, although intuitively appealing, application of a minimum patch size governing whether or not patches are included in investigations of connectivity in real landscapes, is currently limited. Due to either a demonstrated lack of patch size requirement or a paucity of data, we could justify imposing patch size constraints for only two species on our list of old-growth associates. We caution that a distinction must be made between home range size, for which much data for many species exist, and documented cases of species avoiding the use of patches below a certain size, for which few data exist. The latter distinction is vital to an understanding of use and, therefore, connectivity between patches in real landscapes. And, because the influence of minimum patch size in investigations of connectivity can be large, as demonstrated in this study, we strongly recommend future empirical work include the gathering of data on minimum patch size use.
Our method of measuring landscape connectivity is consistent with recommendations for organismal-based procedures and, very importantly, is a function of the scale at which an organism interacts with the landscape. Although it is not a direct measure of animal movement, it incorporates elements of organism movement at a wide spectrum of scales-unlike most landscape indices in the study of landscape connectivity. More importantly though, we believe a large advantage of our method is its applicability in real landscapes with real organisms, its intuitive simplicity, and its feasibility in practical situations. It is particularly suited, by design, for use with digital forest-cover information in vector format. We suggest this method could be useful for species-specific assessments for any habitat type. As well, our measure of connectivity decreased with decreases in habitat amount, unlike other methods in which the opposite is a persistent problem (Tishendrof and Fahrig 2000a).
Although useful for analytical purposes, a major limitation to our method is the assumption of a simplistic binary landscape model, where movement between patches is linear and gaps between patches are equally unsuited to every organism. This assumption is likely false to varying degrees in most cases. Indeed, organisms most likely perceive habitat suitability along a gradient and travel along routes that facilitate their movement (Taylor et al. 1993 . However, the importance of distance between patches, the basis of our methods, is indisputable. Rather, we suggest the shortcomings of a binary landscape model can be reduced by including additional modifications based on empirical data specific to a landscape and species of interest.
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